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CHAPTER 1. INTRODUCTION 
As consumer demands have led to pork that is low in fat (USDA-HNIS, 1983; 1992) 
pork quality has become an issue. · Fat contributes flavor and juiciness to meat, so low fat 
pork leads to a product that may be lacking these traits. Further, the fear of trichinosis can 
lead to consumers overcooking pork, which further exuberates the quality problem. Using 
genetics to solve the quality problem is being studied. Processing steps also have an 
influence on quality. There are several beneficial ingredients, which when applied by 
injection or marination, will improve the tenderness, consistency, water holding, and safety 
of fresh pork products (Cannon et al., 1993). The addition of phosphates, salt, and 
potassium or sodium lactate has been shown to have these beneficial effects on pork (Offer 
and Trinick, 1983; Papadopoulos et al., 1991; Cannon et al., 1993; Sheard et al., 1998). In 
addition, added water, which is used as an ingredient carrier, provides juiciness and 
tenderness improvement for fresh pork. However, there has been little research done to 
determine the best time of injection for these ingredients. 
Shelf-life and food safety are current hot topics in the meat industry. Irradiation has 
been introduced as a possible solution to these problems. Approval for product irradiation 
must include extensive research of raw product effects as well as effects of added 
ingredients. Injected products are likely to have a higher bacterial load than noninjected 
products due to the circulation of brine and subsequent circulation of contaminants. Surface 
contamination is not only washed from the surface and circulated but it is also injected into 
the center of the product. Irradiation of injected products would extend shelf-life and 
improve safety. However, potential changes in quality as a result of irradiation must be 
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investigated and documented to determine if the process would be accepted for injected 
products. 
Therefore, the objectives of the research described in this thesis were to determine 
how postmortem aging time prior to injection affects quality traits in moisture enhanced 
fresh pork and to determine the influence of irradiation on shelf stability and pork quality 
traits in moisture enhanced fresh pork. 
Thesis Organization 
This thesis is organized into four chapters including a general introduction, general 
literature review, a complete manuscript, and general conclusions. The manuscript was 
prepared using the Meat Science Style Guide and was co-authored by Dr. Joseph G. 
Sebranek, Dr. Elisabeth Huff-Lonergan, Dr. Lester Wilson and Dr. Steven Lonergan. 
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CHAPTER 2. LITERATURE REVIEW 
Meat Quality Traits 
Water Holding Capacity 
Meat is composed of approximately 75% water (Offer and Trinick, 1983). The 
ability for meat to hold water is important economically as well as from a quality aspect. 
Water has an impact on juiciness, flavor, and tenderness. Fresh uncooked meat loses water 
in the form of drip or purge (van Laack, 1999). Typical drip loss is between 1-2% but can 
be as much as 10%. This drip loss begins after harvest and can continue until the meat is 
prepared for consumption. Genetics and live animal handling, as well as post-harvest 
chilling and storage affect drip loss (van Laack, 1999). The most obvious form of this loss 
is the purge found in the bottom of the package or meat storage container. Endogenous meat 
proteins and non-protein components affect water-holding capacity in meat products. 
Myofibrillar proteins determine 50% of water holding capacity and sarcoplasmic proteins 
are responsible for 3% (van Laack, 1999). Water is held in the myofibrils and is dependent 
on filamental arrangement. If the myofibril proteins increase in separation due to the static 
repulsion between charged protein groups, there is more room for water to be immobilized. 
If there is an increase in attraction between charged protein groups, there is less room for 
water and it is forced out of myofibril (Offer and Trinick, 1983). 
There are three forms of water in muscle: bound, immobilized, and free forms. The 
polar charged ends of water molecules are bound to the charged groups of the proteins in the 
muscle. Bound and immobilized water makes up about 10% of the total water found in meat 
and is difficult to remove by mechanical or other physical force. The free form of water is 
the result of layered water molecules that increase in distance from the charged protein 
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molecule (van Laack, 1999). As the water molecules are layered, the powerful force that 
attracts the water molecule is weakened. The outer layers form the free water that is weakly 
bound. Myofibrils themselves are the site of water retention and hold free water by 
capillarity (Offer and Trinick, 1983). 
Water binding capacity of muscle proteins is dependent on several factors including 
the onset of rigor mortis caused by a decrease in ATP, production of lactic acid in the 
muscle and changes to cell structure that follow proteolysis. ATP is necessary for muscle 
contraction. During the conversion of muscle to meat ATP is only being consumed, not 
produced. Once all of the ATP is consumed, the muscle contraction or the binding of actin 
and myosin is permanent causing rigor mortis (Pearson, 1987). This binding decreases 
filament spacing by 4.4% (van Laack, 1999). After harvest, the pH of meat decreases from 
7 .0 to 5.5 due to the production of lactic acid. There is little electrostatic repulsion between 
the myofibril proteins at a pH of 5.5 and this decreases the space for water. Offer and 
Trinick (1983) noted that when the pH was raised from 7 to 9 the myofibrils increased by 15 
% in diameter. Increasing muscle pH and electrostatic repulsive forces causes the 
myofibrillar proteins to have a net negative charge and therefore repel each other. 
Extraction of the A-band proteins also aids in water uptake and retention (Offer and Trinick, 
1983). 
The water loss due to spatial effects is believed to start with a lateral shrinkage of the 
myofibril. This leads to lateral shrinkage of the entire muscle, which causes water to drip 
from the fibers along the perimysium (Offer and Knight, 1988). Water loss is thought to 
include the initial loss of water from the myofibrils and the subsequent movement of this 
water from the intracellular to extracellular compartments of the muscle fiber. This water 
5 
then flows to the surface (Offer and Knight, 1988). The cytoskeleton must be intact for this 
process to occur (Morrison et al., 1998). Post-rigor proteolysis may increase water-holding 
capacity (Hamm, 1986). Proteolysis of the cytoskeleton allows more space for water in the 
cell. 
Initially water holding capacity decreases post-mortem but later increases to the level 
that was held at one day post mortem. Kristensen et al. (2001) found that water holding 
capacity increased after 2-7 days post-mortem. The degradation of the cytoskeleton removes 
the linkages that cause the lateral shrinkage between the myofibrils and the entire muscle 
fibers. This lessens the force that causes the initial flow from the intracellular spaces to the 
extracellular space. Desmin, vinculin, and talin, located at the Z-line, are indicator proteins 
to measure degradation as it relates to an increase in water holding capacity. Desmin 
connects adjacent myofibrils and also connects the peripheral myofibrils to the sarcolemma. 
Talin and vinculin connect the myofibril to the cell membrane (Greaser, 1991). Their 
degradation would allow for lateral myofibrillar expansion. A recent study showed that ten 
days after slaughter demonstrated a 29% loss in intensity in desmin (55 kDa band) and four 
days after slaughter showed a slight decrease in intensity for vinculin (116 kDa band). Four 
days post-mortem decreased talin by 32% in intensity (225 kDa band). Water-holding 
capacity increased with proteolysis. The degradation of the cytoskeleton has been found to 
be influential on the ability of meat to retain water (Kristensen et al., 2000). 
Tenderness 
Tenderness is a critical factor in the consumer acceptability of beef and pork 
products (Xiong et al., 1999). Factors that affect the degree of tenderness are postmortem 
aging and animal age (Huff and Parrish, 1993). In a comparison of strip loins from 14 
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month old bulls and steers and >44 month old cows, Huff and Parrish (1993) found that 
animal age and postmortem aging influenced tenderness as measured by shear force and a 
15-member trained sensory panel. Aging was found to improve tenderness more than sex or 
age of the animal. 
There are two factors to consider when discussing what determines meat tenderness: 
connective tissue and myofibrils. Connective tissue is divided into 3 distinct categories, 
which includes epimysium, perimysium and endomysium. The epimysium encases an entire 
muscle; the perimysium covers muscle bundles and the endomysium envelopes muscle 
fibers (Xiong et al., 1999). The amount of connective tissue, and the type of connective 
tissue affects the toughness that is perceived. The function of the muscle is correlated with 
the amount of connective tissue that is found in that muscle. Muscles that are used for 
movement contain more connective tissue. The perimysium and the endomysium are of 
most concern because the epimysium is removed during fabrication (Xiong et al., 1999). 
Myofibrils are another contributor to meat tenderness. Unlike connective tissue, 
muscle fiber structure is changed biochemically after slaughter. There is a disruption or 
breakdown in the longitudinal arrangement of the myofibril. This improves tenderness in 
the product (Robson et al., 1997). Aging has long been used in the beef industry to improve 
tenderness, but it doesn't solve all tenderness issues. The disruption mechanism that 
controls tenderness by aging has been studied in detail and appears to be caused by 
endogenous muscle proteases (Xiong et al., 1999). The calpain enzymes, of which there are 
two ubiquitous forms, µ-calpain and m-calpain, are activated by calcium to cause proteolysis 
and are inhibited by ca]pastatin. Both calpain and calpastatin reacquire activity after the 
formation and deformation of their complex (Kapprell and Goll, 1989). During proteolysis, 
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the calpains degrade desmin, titin (Huff-Lonergan et al., 1995, 1996; Taylor et al., 1995), 
nebulin (Huff-Lonergan et al., 1995, 1996; Taylor et al., 1995), troponin-T (Dayton et al., 
1975; Huff-Lonergan et al., 1996), and tropomyosin, but not myosin, actin, and troponin C 
(Dayton et al., 1975). Desmin, titin, nebulin and troponin-T are structural and regulatory 
proteins. Their proteolysis marks an increase in structural degradation (Huff-Lonergan et 
al., 1999). An increase in structural degradation leads to an increase in tenderness (Huff-
Lonergan et al., 1999). Therefore, calpains are a major factor in the tenderness of aged meat 
(Koohmaraie, 1992; Huff-Lonergan et al., 1996). 
Another observation during aging that causes tenderness is the disruption of the 
connections between adjacent myofibrils. Taylor et al. (1995) found this as early as twenty-
four hours post-mortem. Desmin is a protein that encircles the myofibril at the point of the 
Z-line and attaches adjacent myofibrils (Robson, 1995). The calpains are believed to affect 
the proteolysis of desmin and cause this weakening of the connection of adjacent myofibrils 
(Huff-Lonergan et al., 1996). Tenderness is correlated to by desmin degradation. In 
samples rated as tender, desmin was degraded more rapidly (Koohmaraie et al., 1984 a, b; 
Ho et al., 1996; Huff-Lonergan et al., 1996). 
The myofibril may also be disrupted in the aging process. Taylor et al., (1995) found 
in electron micrographs that there were often disruptions in the I-band and the thin 
filaments. This may lead to the fragmentation of the myofibril. Myofibril fragmentation 
can be used to measure the amount of tenderization that has occurred. The myofibril 
fragmentation index or MFI uses suspensions of myofibrils and measures the turbidity to 
relate to the amount of fragmentation in a meat sample. Greater fragmentation increases 
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turbidity therefore indicating an increased tenderness in cooked meat products (Culler et al., 
1978). 
Troponin-T is part of the thin filament and is one of the main myofibrillar proteins 
whose degradation is highly associated with the tenderness of meat. Troponin-T has been 
shown to degrade more rapidly in tender beef samples as opposed to slower degradation in 
samples that were rated as tough by sensory panels or by Wamer-Bratzler shear force 
measurements (Koohmaraie et al., 1984 a,b; Ho et al., 1994; Huff-Lonergan et al., 1996). 
Color 
Meat color is commonly used as an initial indicator of quality. Color is detectable by 
the human eye as a mixture of three components: hue, chroma, and value. Hue is defined as 
the wavelength of light radiation and appears as yellow, blue, etc. Chroma is defined as the 
intensity or saturation of the color. Value describes the overall brightness of the color. 
There are also differences in individual's perceptions (Lawless & Heymann, 1998). 
Heme pigments are responsible for the red color in meat (Xiong et al. 1999). 
Myoglobin is 90-95% of the heme protein molecules in muscle and the major component of 
meat color. Hemoglobin, found in blood, contributes little to the color of meat. Post-
slaughter pigment is primarily myoglobin as the exsanguination process removes the 
majority of hemoglobin. The myoglobin molecule is composed of protein (globin) and non-
protein portions. The iron atom contained in the heme ring is the non-protein portion. A 
portion of color is determined by myoglobin concentration and state (native or denatured) 
and by what is bound to the iron atom and its oxidation state (Fox, 1987). 
Another influence on color is the state of the protein portion of the myoglobin 
molecule. Beef that has a high pH and shifted isoelectric point causes the protein to have a 
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closer association with water and appear darker in color. The opposite is true in low pH 
meat, for example pale, soft, and exudative pork. The sarcoplasmic and myofibrillar meat 
proteins denature due to a rapid pH drop at high temperatures. Myoglobin is a sarcoplasmic 
protein and will scatter more light due to this denaturation (Briskey & Kauffman, 1971). 
The color intensity and appearance of meat or muscle is affected by the species, age, 
muscle, and physical activity of the animal. Pork and poultry appears lighter in color than 
beef or lamb because of lower myoglobin concentration. Older animals have more 
myoglobin than younger animals of the same species. White-fiber muscle types such as 
found in chicken breast are lighter than leg and thigh muscles that are red fiber types (Xiong 
et al., 1999). 
The environment has a great impact on the formation of meat color. Under a 
vacuum or in an environment with no oxygen, water is bound to the iron atom at the sixth 
binding site and the color appears purple-red. This form of myoglobin is called 
deoxymyoglobin. If the meat is in an aerobic environment and oxygen is bound to the iron 
atom, then the meat appears bright red and is in the oxymyoglobin form (Fox, 1987). Under 
low oxygen partial pressure or after oxidation the iron is oxidized and appears brown in 
color, also known as metmyoglobin. At a given point in time, a cut of meat may appear red 
on the surface because of the surface exposure to oxygen while the deep interior is 
deoxymyoglobin or purple-red because it is in an anaerobic state (Fox, 1987). There is 
usually a thin layer between the oxymyoglobin and the deoxymyoglobin that has low partial 
oxygen pressure and will appear brown because it is in the metmyoglobin form. Both 
deoxymyoglobin and oxymyoglobin can oxidize and form metmyoglobin (Fox, 1987). After 
slaughter myoglobin is susceptible to autoxidation and this is in tum related to lipid 
oxidation (Faustman and Cassens, 1991) 
Lipid Oxidation 
Flavor is essential to the consumer's enjoyment of the eating experience. If a food 
has a poor or unexpected taste, then the consumer will most likely not want to repeat the 
experience and hence not purchase more of that food. "Meat flavor deterioration" is defined 
as the simultaneous loss of desirable meat flavor and the increase in undesirable wanned-
over flavor. The undesirable flavor has been described as "stale", "rancid", "cardboard-
like", "painty", and "old". Rancid flavor reduces repeat buying by consumers and must be 
managed at all steps in the meat production chain (Morrissey et al. 1998). These flavor 
problems most often begin with lipid oxidation (Willemot et al., 1985). If the meat contains 
polyunsaturated fatty acids, oxidation will occur at a faster rate than meat with saturated 
fatty acids because they contain less hydrogen and more double bonds on the fatty acid 
chain. This increases the reactivity in comparison to saturated fatty acids (Morrissey et al., 
1998). The majority of polyunsaturated fatty acids are located in the cell membrane as 
phospholipids. They are susceptible to reacting with free radicals and losing more hydrogen 
atoms. If hydrogen is abstracted, the point of abstraction becomes a lipid "free radical" and 
will oxidize quickly. After this reaction with oxygen molecule, the fat molecule degrades 
into pentanal, hexanal, and 2,4-decadienal molecules that produce off-flavors and odors 
(Vega and Brewer, 1994). These molecules can solubilize in the fat and are detected during 
heating (Mottram and Edwards, 1983). There are several initiators that add energy to begin 
the oxidation process. Some of them are heat, light, and enzymes. There are also several 
catalysts the lower the amount of energy needed for the oxidation reaction that lower the 
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energy needed for reaction. Metal ions, high-energy oxygen, salt, or enzymes are common 
catalysts. High temperatures also accelerate oxygen release and free radical production. 
Prior to cooking, iron is held in the hemoglobin and myoglobin and after cooking that iron is 
released and reacts with polyunsaturated fatty acids (Kanner, 1994). The myoglobin protein 
is coagulated by heating and no longer able to bind iron. Iron is easily oxidized and is 
normally protected while being globin-bound, but after cooking it is exposed to 
polyunsaturated fatty acids and easily converts from the reduced form (Fe2 +) to the oxidized 
form (Fe3 + ). Iron can catalyze free radical production (Love, 1987). 
Oxidation is a chain reaction; polyunsaturated fatty acid radicals catalyze further 
reactions. There are three sequential steps involved in lipid oxidation. Initiation is the step 
that produces the free radicals (R•) that are extremely reactive and begin the oxidative 
reaction chain. Propagation is the perpetual production of free radicals by reacting with 
molecules to produce more free radicals. Termination is the reaction of free radicals with 
antioxidants that do not continue the production of free radicals. 
Initiation: RH+ 0 2 R• + OH• 





There are different forms of reactive oxygen species (ROS) which are likely to be 
involved with lipid oxidation. These forms have one or more unpaired electrons that make 
them at least momentarily reactive (Kehrer and Smith, 1994). Some of the common ROS 
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are hydroxyl radical (HO•), superoxide anion radical (02-•), and oxygen centered radicals of 
organic compounds (ROO• and ROH•) (Morrissey et al., 1998). ROS are produced two 
ways: intentionally as the primary product and unintentionally as a by-product of another 
reaction (Halliwell et al., 1995). Mitochondria consume oxygen during metabolism and 
produce water. Some ROS, 0 2-•& HO•, are unintentionally produced during this reduction. 
Intentionally, phagocytes produce 0 2-• to inactivate bacteria and viruses. 
Lipid oxidation occurs in live animals because the ingestion of oxidized lipids or 
polyunsaturated fats produces oxygen radicals. The live animal's defense against them can 
be weakened due to a deficit in nutrients that may stop lipid oxidation (Morrissey et al., 
1998). Live animals use superoxide dismutase, catalase and glutathione peroxidase to 
transform 02-• into H20. Storage and transport proteins sequester transition metals that 
would catalyze oxidation so they can't accelerate the formation of ROS (Morrissey et al., 
1998). The intake of nutrients that have antioxidant effects may be beneficial in reducing 
the damage caused by oxygen radicals. Diet supplementation of live animals with vitamin 
E, ascorbic acid, and carotenoids is being studied as a method to reduce the need for food 
antioxidants added during processing. Vitamin E for example, otherwise known as a-
tocopherol (TOH), reacts with peroxyl radicals. Tocopherol donates a hydrogen atom to 
produce a hydroperoxide and a tocopherol radical (TO•) (Morrissey et al., 1998). The 
tocopherol radical (TO•) could react with other reductants such as ascorbate or glutathione 
to produce a-tocopherol (TOH). 
TOH+ ROO•~ ROOH+TO• 
Dietary feeding of ascorbic acid or vitamin C to animals, on the other hand, hasn't 
been proven to produce beneficial effects. Vitamin C is thought to help convert the 
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tocopherol radical to a-tocopherol. Copper and iron are catalysts of lipid oxidation. The 
lowering of copper and iron in feed hasn't been clearly proven to reduce lipid oxidation in 
processed meats (Morrissey et al., 1998). 
Meat Processing Techniques 
Injection for Enhancing Meat Quality 
Non-meat ingredients are added to brines and injected into meat to improve the 
consistency and desirability of meat. There are two types of brines used in meat. One type 
of brine contains nitrite for curing as in the case of ham or bacon and the other brine does 
not use nitrite. This thesis is addresses the meat injection without the use of nitrite. 
Specifically in pork: water, salt, phosphate, sodium and potassium lactate, sodium diacetate, 
lemon juice, organic acids, and flavor agents are functional ingredients used to improve the 
texture and flavor. These ingredients also have an effect on color, as well as shelf-life of the 
pork. The level of microbes, color and flavor deterioration are components of shelf-life that 
can be influenced negatively and positively by non-meat ingredients; For example lactate 
can decrease the aerobic plate counts (Papadopoulos et al., 1991 b ), but as an ingredient in 
brine it can carry microorganisms into the cut of meat. Salt can decrease water activity as 
well, but can increase lipid oxidation by increasing the catalytic activity of iron atoms in 
oxidative reactions (Kanner, 1994). Some ingredients have a combined beneficial influence 
such as phosphate and salt. Phosphate lowers the amount of salt that is needed to have the 
same water holding capacity and tenderness. The United States Department of Agriculture 
(USDA), Food Safety and Inspection Service (PSIS) regulates the amount of these non-meat 
ingredients that can be used in meat. The legal limit for phosphate is 0.5% and for lactate is 
4.8% of the total product weight (USDA-PSIS, 2000). Salt is self-limiting and therefore has 
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no legal limit. The level of injection, which typically range from 7-15%, above the green 
weight, must appear on the label (Miller, 2001 ). If the level is less than 10%, then the label 
can state that the product is "deep basted" or "marinated". If the level is above 10%, then 
the label must read "containing up to (the actual level) % of a solution". The label must 
contain the descending order of ingredients in the brine (Miller, 2001 ). 
Complications arise with the use of injection type marination. A concern for injected 
pork is that the injection process can introduce microbial contamination, particularly 
pathogens, to the interior of the meat cuts via the circulating brine. This thesis addresses the 
use of irradiation as a viable solution to this food_ safety issue that would allow consumers to 
cook pork cuts to the desired temperature without concern for the higher level of 
microorganisms. 
Salt and Phosphates 
Salt is a necessity in the processing of most meat products. Salt increases the water 
holding capacity of meat by increasing the ionic strength. By increasing the electrostatic 
repulsions, the myofibril is expanded and water is held in the myofibrillar space (Hamm, 
1960). Offer and Trinick (1983) found that 0.6 M NaCl caused the A-band proteins to be 
extracted and that lead to an expansion of the A-band and I-band areas increasing the 
diameter of the myofibril. When the concentration of salt increased from 0.1 M NaCl to 1 
M NaCl for one myofibril its diameter increased 2.8 times. They noted variations in 
between myofibrils in swelling such as the degree of swelling and expansion of the Z-line 
region. In myofibrils that did not have an expanded Z-line region there was not as much 
swelling of the A-band. There was also some variation in the extraction of the A-band 
proteins. They found similar results in the salt/phosphate combination treatments. 
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Therefore not all myofibrils react identically to salt/phosphate solutions. The hypothesis of 
water uptake made by Offer and Trinick (1983) was that the chloride ions from salt bind to 
the filaments and increase the electrostatic repulsions, however actomyosin cross bridges 
resist this repulsion. Sodium chloride and/or phosphate addition causes a depolymerisation 
in the myosin filaments and myosin molecules. Sodium chloride and phosphate also weaken 
the binding ability of actin and myosin. Knight and Parsons (1988) found that myofibrils 
swelled the most in 5.8% NaCl solution and less in 29% NaCl solution. When meat is 
initially put into salt solution, shrinkage occurs before swelling. The salt solution causes the 
water to diffuse out of the meat due to the higher osmotic pressure of the salt solution. Salt 
solubilized proteins within the meat will increase in concentration as water is diffused out 
and this will oppose further dehydration by osmosis. Salt concentration within the meat will 
increase as water is diffused out and a reversal of osmotic forces will begin drawing water 
into the meat. 
Phosphate is a common ingredient in brines intended for fresh pork because it 
increases water-holding capacity. Polyphosphate causes the depolymerisation of myosin 
filaments and weakens the binding of the myosin heads to actin. This aids in the 
dissociation of actin and myosin and allows for filament expansion (Offer and Trinick, 
1983). Changes in the volume of myofibrils increases the volume available for water 
holding capacity. 
Raising or lowering the pH from the isoelectric point is thought to improve 
tenderness (Oreskovich et al., 1992). By increasing meat pH, sodium tripolyphosphate has 
many beneficial effects. Raising the pH significantly unfolds muscle proteins allowing more 
binding sites for water and that reduces the percentage of free water in injected pork 
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(Gunner, 1995). Free water was reduced by 50% in meat with pH of 6.3 whereas free water 
was increased in pork with a pH of 4.7 after marination for one week (Cannon et al., 1993). 
Paterson et al. (1988) found similar results to Offer and Trinick (1983). Myofibrillar 
swelling increased significantly with a combination of 0.4 M NaCl and 10 mM phosphate 
compared with 0.4 M NaCl alone. A combination of 0.7 M NaCl and 10 mM phosphate 
exhibited significant swelling over 0.7 M NaCl alone. This was equivalent to the results of 
using 1.0 M NaCl. These two treatments result in the maximum myofibril swelling. 
Extraction of the A-band occurred at 0.7 M NaCl irrigation. Total extraction occurred at 1.0 
M NaCl. Salt and phosphate work synergistically to improve water holding capacity. 
Sodium tripolyphosphate injected at a 5% level in the brine allowed steaks cooked to 
80° C to be juicier and more tender than non-injected steaks cooked at lower temperatures 
(Sheard et al., 1998). Two injection levels (5% and 10% ), three concentrations of 
polyphosphate (0, 3, and 5%) and two cooking endpoints (72° and 80°) were used on 64 
pork loin steaks. Overall it was found that tenderness and juiciness increased but pork 
flavor intensity was reduced when the injection level increased from 5% to 10% at all 
concentrations of polyphosphates. During cooking, a complex serious of Malliard reactions 
involving the main components of meat, carbohydrates, proteins, and lipids, generates meat 
flavor: (Farmer, 1992). In multi-needle injection processing with brines, some of the flavor 
components may be washed away (Gault, 1991). 
In another study Smith et al.,(1984) tested six paired beef and pork roasts by 
injecting them with distilled water or distilled water and 4.75% sodium tripolyphosphate. 
The beef roasts were cooked to 70° C and the pork roasts were cooked to 75° C and 
evaluated on days 0, 1 or 3. There were minimum sensory changes in juiciness, tenderness, 
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or flavor intensity. Sensory panel acceptability of control pork roasts declined from day l to 
day 3, but phosphate-injected roasts did not experience this decline (Smith et al., 1984). 
The combination of salt and phosphate in brine marinades is one that frequently 
produces a synergistic positive result. Scanga et al. (1999) found that the combination of an 
injection of phosphate and the beef flavoring mixture added at a 25% level of raw meat 
weight had the highest percentage of marinade uptake, the least amount of weight loss 
during cooking and had the highest final yield compared with the other treatments of a 25% ... 
injection of calcium chloride alone, beef flavoring alone, tap water, calcium chloride and 
beef flavoring combination and a non-injected control (Scanga et al., 1999). Calcium 
chloride was tested for its potential to increase beef tenderness (Kerth et al., 1995). 
Detienne and Wicker (1999) found similar results when salt and phosphates were 
used on pork loins. Twenty-four pork loins were injected at varying combinations of salt 
and phosphate. They found that lowered levels of salt could be compensated by phosphate 
and vice versa. Overall salt and phosphate alone or in combination had less purge and a 
higher overall yield compared to the control. 
Sodium Lactate 
Lactate, used in the potassium or sodium forms, is also a common ingredient in brine 
marinades. Papadopoulos et al., (1991a) found that increasing sodium lactate levels resulted 
in higher cook yields. They injected beef top rounds with 0, 1, 2, 3, or 4% sodium lactate 
levels and stored them for 84 days at 0° C after cooking and vacuum packaging all other 
components remaining constant. Wamer-Bratzler shear forces and color measurements 
were taken on days 0, 14, 28, 42, 56, 70 and 84. The 1 % level of sodium lactate injection 
was found to improve palatability and reduce water activity. Overall shear force values 
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decreased in samples injected with 0% to 3% sodium lactate levels, but the shear force 
values were increased in samples injected at 3% to 4% sodium lactate. In another study by 
Papadopoulos et al. (1991 b ), trained sensory panelists noted a decrease in flavor "off-notes" 
in the sodium lactate-injected pork. At levels of 4% and above, the panelists reported a mild 
throat-burning sensation (Papadopoulos et al., 1991b). The mechanism by which sodium 
lactate works is not understood, but it may increase protein solubility. 
Lactate can also have bacteriostatic effects. In a study by Papadopoulos et al., 
(1991b), a 3% level of sodium lactate was injected into beef top rounds. They found 
microbial inhibition over the storage period of 84 days compared to the controls that were 
not treated with 3% sodium lactate. 
Vote et al., (2000) found that beef strip (46 Choice loins and 49 Select loins) loins 
injected with sodium tripolyphosphate, sodium lactate, and sodium chloride enhanced 
tenderness, juiciness, and cooked beef flavor. One half of the loin was treated with a brine 
containing phosphate/lactate/chloride solution or distilled water. The brines were 
formulated to contain 0.25% sodium tripolyphosphate, 0.5% sodium chloride, and 2.5% 
sodium lactate of the final product weight. The other half of the loin was left non-injected 
as a control. Ten additional loins were treated with a phosphate-only treatment of 0.25% of 
the final weight. Treated steaks cooked to higher final temperature maintained their 
juiciness and tenderness. This study did not find any benefits from the phosphate-only 
treatment. If a lower sodium content is desired, sodium lactate and sodium tripolyphosphate 
can be used alone. 
Irradiation 
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Shelf-life extension and food safety are major components of a quality meat 
product. Irradiation of meat is a possible way to eliminate foodbome illnesses such as 
Escherichia coli O 157 :H7, Salmonellae, and Campylobacter jejuni. Low dosages of 
irradiation can eliminate trichinae in pork (Dempster, 1985). High dosages can sterilize 
food, but can also have negative effects on meat due to the production of free radicals. 
(Dempster, 1985). 
Most spoilage and pathogenic bacteria, yeasts, and molds can be destroyed by 
irradiation depending on the dosage. Some of the factors that affect the susceptibility of 
microorganisms to irradiation are the dosage and temperature. Ionizing radiation causes 
lesions or breaks in a microorganism's genetic material, rendering it unable to reproduce. A 
higher dosage, results in a lower number of survivors. The temperature affects the rate of 
reactions including the formation of radicals. Radicals affect microorganisms by interfering 
with cellular functions. Frozen meat has less mobile free radicals making the destruction of 
microorganisms more difficult but decreases the amount of off-flavors and odors produced 
(Taub et al., 1979). 
Initially, pork was not the focus of irradiation studies, but the possible elimination of 
Trichinella spiralis in fresh pork initiated more research. Dosages at as low as 0.11 kGy 
could render the female trichinae worm unable to reproduce and 0.18 kGy stop the larvae 
from developing into an adult. A dosage of 7 kGy is required to kill an adult trichinae worm 
(Dempster, 1985) 
There are two types of radiation used in food preservation techniques: electrons 
produced by linear accelerators at or below energy of 10 Me V and gamma rays originating 
from radionuclides Cobalt 60 or Cesium 137. There are other types of radiation such as 
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ultraviolet, x-rays, and microwaves, but they are not as common in the food industry. 
Dosage is measured in rads where: 
I rad= 100 ergs of energy is absorbed in I g of matter 
1 Mrad = 1,000,000 rads 
More commonly the industry has used Gray (Gy) where 
I Gy = I 00 rads of energy and I kGy = I 00,000 rads 
High doses are considered to be over 10 kGy and low doses are under 10 kGy 
(Dempster, 1985). Three terms are used in irradiation treatment. Radappertisation is the 
significant reduction of microorganisms by treatment of irradiation. The microbial level is 
reduced such that it can't be detected by bacteriological testing methods. This term is 
comparative to commercial sterilization used in the canning industry. Radicidation is used 
to significantly reduce the number of pathogenic organisms to a level that is not detectable. 
This is similar to milk pasteurization. Radurisation is the irradiation dosage that reduces the 
amount viable spoilage microorganisms (Dempster, 1985). 
Vacuum packaging is thought to be the most effective method of packaging for 
irradiated products. In a study by Luchsinger et al. (1997a) they tested two doses of 
irradiation (2.0 and 3.5 kGy) on frozen, raw, and precooked ground beef patties packaged 
aerobically and under vacuum. They found higher thiobarbituric acid reactive substances 
(TBARS) for all aerobically packaged patties compared to vacuum-packaged precooked 
patties. Vacuum packaging allows for longer shelf-life by protecting from accelerated lipid 
oxidation and microbial contamination (Luchsinger et al., 1997a). Aerobically packaged 
ground beef patties, which were irradiated showed an increase in lipid oxidation. Lipid 
oxidation during irradiation is not fully understood, but it is thought to be the same 
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mechanism as occurs in nonirradiated meat (Ahn et al., 2000a). Free radicals are produced 
by the irradiation of fat, primary polyunsaturated fatty acids. They are susceptible to 
reacting with free radicals and losing hydrogen atoms. If hydrogen is abstracted, the point 
of abstraction becomes a lipid "free radical" and will rapidly oxidize. After this reaction 
with oxygen molecule, the fat molecule breaks into pentanal, hexanal, and 2,4-decadienal 
molecules that produce off-flavors and odors (Vega and Brewer, 1994). Vacuum-packaged 
patties irradiated at the same dosages (2.0 and 3.5 kGy) had minimal changes in color and 
oxidation up to 21 days of storage (Luchsinger et al., 1997a). Long-term storage of meat, 
irradiated or non-irradiated, is best vacuum-packed. Although aerobic packaging may be 
beneficial in cases of short-term storage to allow dissipation of sulfur compounds that cause 
off-odors (Ahn et al., 2000a). 
Bagorogoza et al. (2001) found that irradiation influenced changes in color, odor, 
flavor, and levels of alpha-tocopherol in fresh skinless turkey breasts. The irradiated turkey 
had a more intense shade of pink and irradiation odor. This pink color was found in both 
raw and cooked turkey samples (Bagorogoza et al., 2001). Irradiated cooked turkey showed 
a decrease in turkey flavor. Irradiation odor is dosage dependent, but dissipates over storage 
time. 
Bagorogoza et al., (2001) tested different forms of packaging and discovered that 
odor was affected by packaging. Half of the turkey breasts tested were irradiated in 
nitrogen-filled packages and the other half were irradiated in atmosphere-filled packages. 
The nitrogen-filled packages resulted in a stronger irradiation odor than the atmospheric air 
filled packages. The lack of oxygen in the package may decrease the production of 
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0-2 and HO·2, but it does not decrease the production of ·OH and H202. Some off-odor 
volatiles are produced with hydrated electrons, OH and H202. Rhodes (1965) found that 
gamma-irradiated chicken had a distinct rancid odor regardless of the packaging 
environment. Bagorogoza et al., (2001) found no influence of packaging on color at dosages 
of 2.4-2.9 kGy, but Rhodes (1965) found that gamma-irradiated chicken at 1.5 kGy 
packaged in nitrogen were more pink in color. 
Irradiation has different color effects depending on the species. Nanke et al., 1998 
found that as irradiation dose increased from 0.0 kGy to 10.5 kGy the lightness values or L * 
in vacuum packaged pork, turkey, and beef did not increase. The redness or a* for pork and 
turkey increased as the irradiation dose increased from O kGy to 10.5 kGy. This means the 
pork and turkey appeared more red in color. The yellowness orb* values increased in pork 
from O kGy to 4.5 kGy dosages, but from 4.5 kGy and up it did not increase (Nanke et al., 
1998). 
Mattison et al., (1986) found that gamma irradiation of pork loins at 1 kGy of pork 
loins stored for up to 21 days at 4°C had no differences in sensory qualities compared to 
controls after 14 days of storage. Increased storage time may compensate for the sensory 
changes initiated by irradiation. 
Lipid Oxidation and Volatile Production due to Irradiation 
Irradiation is known as a valid method of food pathogen control in the meat industry. 
The concern in meat irradiation is the effects that it has on meat quality traits and how these 
quality characteristics might deviate from consumer's expectations and approval. Increased 
lipid oxidation and unappealing odor due to volatile production are some of these quality 
characteristic concerns. Some of the volatiles produced during irradiation have been 
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described as "metallic", "wet dog", "sulfide", and "wet grain" (Huber et al., 1953). Both 
lipid oxidation and volatile production cause off-odors that can be detrimental to a 
consumer's repeat purchase of the product. The presence of dimethyltrisulfide, the most 
potent off-odor compound, is an indication that odor changes caused by irradiation are 
different than the odor changes caused by lipid oxidation (Patterson and Stevenson, 1995). 
Volatile measurement can also be used to detect if meat has been irradiated. Irradiated meat 
produces heptene and 1-nonene as possible irradiation indicators (Ahn et al., 1999). 
Ahn et al., (2000b) irradiated at 0, 5, or 10 kGy Longissimus dorsi muscle strips that 
were packaged both aerobically and vacuum packed and stored at 4° C for 5 days. They 
found that irradiation caused the production of a few sulfur-containing volatiles compared to 
controls that were non-irradiated. The amount of 2,3-dimethyl disulfide composed 75% of 
new volatiles produced by irradiation. Since this odor only occurs after irradiation, the new 
volatiles produced are assumed to be the result of irradiation processing. Volatiles that are 
produced by lipid oxidation were not increased by irradiation. Lipid oxidation does not 
produce the volatiles that cause the off-odor in irradiated meat. The irradiation induced 
volatiles must be produced by the radiolytic breakdown of sulfur-containing amino acids 
(Ahn et al., 2000b ). Hydrocarbon radicals may react with molecular oxygen and form 
carbonyls during irradiation (Merritt et al., 1978). Schweigert et al., (1954) found that the 
irradiated meat off-odor compounds were water-soluble and contained nitrogen and/or 
sulfur. They also indicated that glutathione and other sulfur containing compounds cause 
the formation of methyl mercaptan and sulfur dioxide. Volatiles were found to decrease 
from 50 to 25% during the 5-day storage time in the strips that were packaged aerobically. 
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Neither irradiation dosage (5 kGy or 10 kGy) nor storage time (0 or 5 days) were found to 
have an effect on volatiles of vacuum packaged pork (Ahn et al., 2000b ). 
In another study by Ahn et al., (1998), pork patties were packaged aerobically or 
anaerobically and irradiated at O kGy or 4.5 kGy. Thiobarbituric acid-reactive substances 
(TEARS) and volatiles collected show that the exposure to oxygen after cooking had the 
greater effect than packaging, irradiation, or storage of raw meat on the production of 
undesirable off-odor compounds. Packaging and storage of raw meat was influential on 
lipid oxidation. The initial TEARS values were not affected by packaging or irradiation. 
Pork patties stored for 3 days before cooking had more lipid oxidation than the patties that 
were cooked 2 hours after irradiation (Ahn et al., 1998). An increase in storage time can 
increase lipid oxidation of irradiated pork patties. 
Summary 
Injection with salt/phosphate/lactate and irradiation are valuable processes in the 
production of palatable, safe meat. Ingredients such as salt, phosphate, and lactate increase 
juiciness, flavor, yield, and decreases shear force. Salt, phosphate, and lactate are beneficial 
ingredients that increase the ability for meat to hold water before and after cooking. 
Irradiation, by lowering the microbial population in the meat, may be the best solution for 
the safety and shelf-life issues that arise from processing by injection. Irradiation can cause 
dose dependent changes in palatability. Color, volatile production, and lipid oxidation are a 
few of these changes. However, the best combination of injection with 
salt/phosphate/lactate and irradiation could be investigated further. 
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THE EFFECTS OF AGING ON MOISTURE-ENHANCED 
INJECTED PORK LOINS 
A paper to be submitted to Meat Science 
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Abstract 
The quality effects resulting from the postmortem time of salt/phosphate/lactate 
injection of pork loins were investigated. Twenty-four pairs of fresh pork loins were divided 
into two groups. The first group was injected at a 13% pump one day after harvest with a 
brine containing 2.17% salt/ 3.04% phosphate/ 20.8% lactate. The second group was 
injected with the same brine four days after harvest. Color and Warner-Bratzler shear 
(WBS) force were measured on the day O after injection, 7 days after injection and 14 days 
after injection. Purge was measured 7 days and 14 days after injection. Western blots to 
measure troponin-T degradation were performed on samples from loins with the lowest 
shear force, and loins with the highest shear force as measured by Warner-Bratzler shear. 
The loin with the most purge loss and the loin with the least purge loss were also analyzed 
by western blots for desmin degradation. Time of injection postmortem had significant 
effects on L * and b* color values, and purge. The L * and b* values were higher (P<0.05) 
and purge was greater (P<0.05) for loins injected one day postmortem. Western blots 
demonstrated that injection did not increase the protein degradation of raw materials. 
Overall the results suggest that injection did not affect protein degradation in either aging 




The benefits of injection or marination of fresh meat have been well researched. The 
addition of phosphates, salt, and potassium or sodium lactate has been shown to have a 
beneficial impact on the juiciness, tenderness, consistency, shelf-life, and safety on pork 
(Offer and Trinick, 1983; Papadopoulos et al., 1991 a, b; Cannon et al., 1993; Sheard et al., 
1998). Moisture-enhanced pork products are commonly found in the marketplace and are 
well accepted by the consumer. 
Ingredients such as alkaline phosphates and sodium chloride are included at 0.3% to 
0.4% in these products to raise the pH of the meat, shift the isoelectric point and increase the 
meat protein binding ability to better retain added water (Offer & Trinick, 1983). Salt, at 
about 0.5%, functions synergistically with phosphate and partially solubilizes proteins that 
help increase water binding. Lactate, added at 1 %, will further increase cook yields, 
improve palatability and reduce water activity (Papadopoulos et al., 1991a). 
Some processors harvest pork or beef close to the facility used for further processing, 
and there may be relatively little holding time from slaughter to injection. Other processors 
have the raw material shipped a significant distance to processing facilities and may not 
inject for several days after harvesting. This presents two different scenarios in the 
treatment of the meat prior to injection and may affect product quality due to differential 
degradation of meat proteins. 
Calpains, calcium-dependent proteinases, normally catalyze the degradation of 
structural proteins in muscle, a process that occurs during aging of meat and one that affects 
meat quality. For example, low water-holding capacity and decreased tenderness of meat 
are associated with slower degradation of protein (Lonergan et al., 2000). Injection of salt 
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and phosphate in a brine could interfere with postmortem proteolysis because phosphates 
chelate calcium ions and may make them unavailable to activate calpain enzymes. Thus, 
injection of brine could disrupt the aging process in pork, possibly inhibiting further 
structural protein degradation. On the other hand, the aging of pork before injection may 
allow for greater proteolysis, increased brine uptake and retention of moisture, all of which 
could improve quality traits such as tenderness and juiciness. Therefore, the objective of 
this study was the comparison of quality traits of pork injected the day after harvest with 
pork aged four days prior to injection. 
Materials and Methods 
Forty-eight, vacuumed-packaged pork loins of similar quality were obtained from a 
local pork harvesting plant the day after harvest. Loins were identified as left/ right pairs 
from each of 24 carcasses. The pairs were immediately divided into a group of right loins 
and a group of left loins. Twenty-four loins (one of each pair) were injected within one day 
following harvest while the remaining twenty-four loins were held at 0-2°C (aged), then 
injected four days post-harvest. The entire experiment was replicated a second time with 
another twenty-four pairs of loins. 
A Townsend Model 1450 injector (Townsend Eng., Des Moines, IA., U.S. A.) was 
used to inject the loins to 13% added weight using a brine solution that was composed of 
3.04% sodium tripolyphosphate, 2.17% sodium chloride, and 34.7% potassium lactate (60% 
solution). After injection, the loins were tumbled under vacuum for one hour at 10 rpm. 
After 12 hours equilibration at 0-2°C, the loins were cut into three equal portions and 
vacuum-packed with a Multivac Model A6800 vacuum-packaging machine (Multivac Inc. 
Kansas City, MO., U. S. A.) in flexible pouches that had a 0 2 transmission rate of 3-6 
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cc/m2/24 hr at 1 atm, 4.4 °C, and 0% RH, and a water vapor transmission rate of 0.5-0.6 
g/645 cm2/24 hr and 100% RH. Packages were opened and samples were cut into 2.5 cm 
chops immediately prior to quality measurements. 
For Warner-Bratzler shear force measurements, one 2.5 cm chop from each of the 
twenty-four loin sections was broiled until the internal temperature was 71 ° C and chilled 
overnight at 0-2°C prior to measurement. The chops were allowed to warm at room 
temperature for 10-15 minutes prior to measurement and 1 cm in diameter cores were cut 
parallel to the muscle fibers. Warner-Bratzler shear force was measured, on the chops using 
a T A.XT2 Texture Analyzer (Texture Technologies Corp.). The tests were performed using 
a Warner-Bratzler Probe and Guillotine Set number TA-7B USDA. The probe was 
programmed to be lowered 30 mm from the point of resistance. The penetration speed was 
3.3 mm/s with a post-test speed of 10 mm/s and a pre-test speed of 2.0 mm/s. Warner-
Bratzler shear (WBS) force measurements were taken at 1 day, 8 days, and 15 days 
postmortem for the loins injected one day postmortem. For the loins injected four days 
postmortem, the WBS force measurements were taken at 4 days, 11 days, and 18 days 
postmortem. These sampling times were chosen because 
A second pork chop was cut from each loin sample and allowed to bloom for 10-15 
minutes at room temperature for color measurements using a Hunterlab Labscan colorimeter 
(Hunter Associated Laboratories Inc., Reston, VA, U. S. A.) on the day following the 
injection. Illuminate A, 10° standard observer, and a 2.5 cm viewing port area were used to 
measure the CIE values. CIEL *(lightness), a* (redness), and b* (yellowness) were 
measured. Three random measurements were made on the face of chop. Color 
measurements were taken 1 day, 8 days, and 15 days postmortem for the loins injected one 
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day postmortem and at 4 days, 11 days, and 18 days postmortem for the loins injected four 
days postmortem. 
The purge measurements were determined at 8 and 15 days postmortem for the loins 
injected one day postmortem and at 11 and 18 days postmortem for the loins injected 4 days 
postmortem. The initial weight of the package was determined as the entire section of loin 
with the package. The packages were then opened and the loin section was removed. The 
vacuum bag was drained and dried with an absorbent towel. The loin section and the 
package were then reweighed together to determine the final weight. Purge loss was 
calculated as follows: 
(Initial Weight of Loin+ Package -Final Weight of Dried Loin+ Package) 
(Initial Weight of Loin+ Package) X 100 
A measure of thiobarbituric acid (TBA) reactive substances (Tarladgis et al.,1960) 
was also conducted 14 days after injection on samples from each treatment. Because no 
differences were found, TBAs were not performed in the second replication. 
To determine the degradation of troponin-T and desmin, as indicators of proteolysis, 
the myofibrillar muscle proteins were extracted. The procedure was modified from Bechtel 
& Parrish (1983 ). A 0.2 gram sample was homogenized in 5 ml of extraction buffer (2% 
SDS, 10 mM phosphate, pH 7) in a homogenizing tube. A 30 ml Potter-Elvehjem tissue 
grinder with a PTFE pestle (Wheaton Science, Millville, NJ) was used at 15 strokes on high 
speed. After homogenization, the samples were poured into centrifuge tubes. The samples 
were centrifuged at 1,500 x g with a Sorvall Legend RT centrifuge (Sorvall Products, L. P.; 
Newtown, CT) for 15 minutes at 20°C. The protein concentration of the supernatant was 
measured by the DC (Biorad, Hercules, CA) protein assay, a modification of the method 
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developed by Lowry et al., (1951). The samples were diluted to a protein concentration of 4 
mg/ml with distilled deionized water, 0.1 ml 2-mercaptoethanol and Wang's Tracking Dye 
(Wang, 1982) (3 mM EDTA, 3% SDS, 30 % glycerol, 0.001 % Pyronin Y, and 30 mM Tris-
HCI, pH 8.0). The samples were then heated at 50°C for 20 minutes and frozen at -80°C. 
The procedure for protein separation was modified from Huff-Lonergan et al., 
(1995). Twenty µg of protein from each sample were loaded into a Triple-wide MGV-202-
33 (CBS Scientific Co. Inc. Del Mar, CA) 15% acrylamide separating gel (15% 
acrylamide/bis [100: 1 acrylamide: bisacrylamide], 0.375 M Tris-HCl, pH 8.8, 0.1 % sodium 
dodecyl sulfate (SDS), 0.005% ammonium persulfate, and 0.0005% N, N, N', N'-
Tetramethylenediamine (TEMED). A 5% acrylamide stacking gel (5% acrylamide/bis 
[100:1 acrylamide: bisacrylamide], 0.125 M Tris-HCl, pH 6.8, 0.1 % SDS, 0.001 % TEMED, 
and 0.007% ammonium persulfate. The running buffer used was 25 mM Tris, 192 mM 
glycine, and 0.1 % SDS, pH 8.3. The samples were run at 90 V and 63 mA for 
approximately 3 hours at 4°C. The procedure for transfer was modified from Huff-
Lonergan et al., (1996). The protein gels were then immediately prepared for transfer to 
Westran PVDF (polyvinylidene fluoride) Protein Transfer and Sequencing membranes 
(Schleicher & Schuell, Inc.; Keene, NH), prewet first in 100% methanol and then transfer 
buffer (25 mM Tris, 192 glycine, and 15% methanol). The proteins were transferred for 18 
hours in 4 ° C at 32 V and 169 mA in a Triple-wide Mini blotting EBU-302 transfer tank 
(CBS Scientific Co. Inc, Del Mar, CA) cooled with a Lauda ECO-Line RE-106 
Refrigerating Circulator (Brinkmann Instruments, Inc.; Westbury, NY). 
The procedure for degradation detection was modified from Huff-Lonergan et al., 
(1996). Membranes were placed in a blocking solution composed of a 5% non-fat dry milk 
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dissolved in PBS-Tween (80 mM Na2 HPO4, 20 mM Na H2PO4, 100 mM NaCl, and 0.1 % 
polyoxyethylene 20 sorbitan monolaurate [Tween 20]) for 1 hour at room temperature. For 
troponin-T, the membranes were placed into monoclonal primary antibody (JLT-12, Sigma; 
St. Louis, MO) at a dilution of l :30,000 in PBS Tween for one hour at room temperature. 
For desmin, a polyclonal rabbit antibody (cat. #V2022, Biomedia Corp; Forest City, CA) 
was used at a 1 :30,000 (antibody: PBS-Tween) dilution. The membranes were washed in 
three ten-minute washes in PBS-Tween. To determine troponin-T, the membranes were 
incubated for one hour at room-temperature in secondary antibody, goat-anti-mouse IgG 
conjugated with horseradish peroxidase, (cat. #A2554, Sigma; St. Louis, MO)at a dilution 
rate of 1:20,000 (antibody: PBS-Tween). For desmin, a goat anti-rabbit secondary antibody 
(cat. #A9169, Sigma; St. Louis, MO) was used at 1:20,000 (antibody: PBS-Tween) dilution. 
The three ten-minute washes were repeated in PBS-Tween. Troponin-T and desmin 
degradation was detected using ECL Western Blotting reagents (Amersham Life Science, 
Arlington Heights, IL) and film (Kodak BioMax ML, Film, Eastman Kodak; Rochester, 
NY, No. 8625170) as directed. 
Statistical analysis was performed for all measurements using the Statistical Analysis 
System (SAS 2000) OLM procedure. The main effect was the treatments. Least squares 
means were used to determine significance at P<0.05. 
Results and Discussion 
Least squares means for tenderness as measured by Wamer-Bratzler shear force 
values are reported in Table 1. There was an interaction over time so each sampling time 
was analyzed separately. For loins measured one day after injection, there was no difference 
(P>0.05) due to postmortem injection time. Loins injected four days postmortem had 
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significantly higher (P<0.05) shear force after seven days and fourteen days compared to 
loins injected one-day post-mortem. The increased shear force values during aging of the 
loins injected four days postmortem do not agree with past research on aging. Aging should 
allow for myofibrillar disruption and decrease shear force (Taylor et al.,1995). This can be 
observed for the WBS force values of the loins injected one day postmortem. These 
samples decreased in shear force over the storage time. In addition, past research (Sheard et 
al., 1998; Scanga et al., 1999; Detienne & Wicker, 1999) found that injection with phosphate 
and salt increased tenderness. The increased WBS values observed at 7 and 14 days for the 
loins injected four days postmortem is not easily explained. However, it is clear that 
increased proteolysis did not occur with the increased aging time. 
Figure 1 displays the Western blots for troponin-T degradation in the samples that 
demonstrated high and low shear force values. The two samples with low shear force values 
showed more degradation over time in both loins when compared to the samples with high 
shear force values. Figure 1 shows that degradation continued after injection in both 
samples with low shear force values. This is in accordance with Huff-Lonergan et al. (1996) 
who found that troponin-T degradation is associated with lower WBS force values. The 
samples from high shear force chops did not show similar degradation over time in either 
sample. This suggests that injection did not affect protein degradation in either aging 
treatment and that animal differences in protein degradation remain important regardless of 
injection treatment . 
CIEL *(lightness), a* (redness), and b *(yellowness) color scales were used to 
measure color of injected pork loin chops. The overall least squares means are reported in 
Table 2. The data showed no significant differences (P>0.05) for a*, but significant 
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differences (P<0.05) for L * and b*. The loins injected one day post-mortem were lighter 
and more yellow than the loins injected four days post-mortem. Banks et al. (1998) found 
that injected pork loins became redder with increasing amounts (0%. 0.2%, 0.4%) of sodium 
tripolyphosphate in the brine. A consistent but opposite effect was found with increasing 
amounts (0%, 1 %, 2%) of sodium lactate which resulted in less red color as indicated by 
decreased a* value. They also found that the L * value was inconsistent with increasing 
sodium lactate levels (0%, I%, and 2% ). Even though there were significant differences 
(P<0.05) in our study for the lightness and yellowness values, the differences are not large 
and given the opposing effects of phosphates and lactate reported by Banks et al. (1998), do 
not seem to suggest a major color effect. 
The overall least squares means for purge loss are reported in Table 2. Loins 
injected one-day postmortem had significantly more (P<0.05) purge than those injected four 
days postmortem. The purge loss was relatively low for both treatments, which is consistent 
with Offer & Trinick, (1983) and Paterson et al. (1988) who found that salt and phosphate 
increase water holding capacity. The difference in water loss between aging treatments 
could be due to purge lost prior to injection, before the salt and phosphate could alter the 
myofibrillar structure to hold more water. Holding for four days may have allowed greater 
purge to occur prior to injection in those samples. Possibly injection at one-day postmortem 
could have stopped proteolysis of desmin and contributed to more purge loss compared to 
injection on four days postmortem. Most of the early postmortem factors that influence 
purge loss such as rigor mortis and 24 hour pH decline had already occurred at the time of 
injection for both treatments and would be consistent in both cases. 
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Western blots, shown in Figure 2, were used to assess the structural proteins for 
desmin degradation in relation to potential changes in water-holding capacity. One of the 
loins that showed the most purge loss, was analyzed along with one of the loins that had the 
least purge loss, as seen in Figure 2. The samples from chops with the most purge loss had 
less desmin degradation, while the samples from chops with the least purge loss showed 
increased desmin degradation. The less dense intact desmin band and the more dense 
degradation product band indicate this degradation. Desmin degradation continued from 
day one to day fourteen post-injection as shown by the increasingly less intense top band in 
lanes A-C and D-F. Desmin is a predominant protein in the intermediate filament structure 
in the muscle cytoskeleton, and connects the myofibrils to the sarcolemma at the Z-line. Z-
line degradation would allow increased lateral swelling of myofibrils during aging and 
increase water-holding capacity (Kristensen et al., 2001). Post-rigor proteolysis has been 
hypothesized to increase water-holding capacity of meat (Hamm, 1986). 
There was little desmin degradation at first in the samples from loins injected one 
day postmortem sample, but for the low purge samples, degradation increased at 8 and 15 
days postmortem. In the loins injected four days postmortem which showed low purge, 
there was desmin degradation at 4, 11 and 18 days post mortem. Kristensen et al. (2001) 
reported no degradation products of desmin at one day postmortem, but at 10 days there was 
a 29% decrease in desmin (55 kDa band). Kristensen et al. (2001) also found that water 
holding capacity in pork declined in the first 2-7 days postmortem and increased during 
aging after 7 days postmortem and attributed this change to desmin degradation. 
42 
Conclusions 
Time of post-mortem injection with a salt/phosphate/lactate brine did not alter 
protein proteolysis in pork Longissimus dorsi muscle. Therefore, aging time should not be a 
concern to pork processors utilizing injection/marination technology for fresh pork because 
other factors are more important than time of injection for the degree of proteolysis 
observed. While quality factors such as purge and tenderness are affected by proteolysis, 
aging time prior to injection does not affect proteolysis. Western blots showed that neither 
troponin-T nor desmin degradation were either inhibited or increased by the injection 
treatments. The blots looked similar for degradation activity in paired loins that were 
injected one day or four days post-mortem. The results suggest that injection did not affect 
protein degradation in either aging treatment and that animal differences in protein 
degradation remain important regardless of injection treatment. Therefore, pork processors 
can proceed with injection processing as soon after harvest as is convenient because aging 
effects and protein proteolysis will continue following the injection treatment. 
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Table 1. Effect of aging treatment and storage time on the Wamer-Bratzler shear values 
(kg/cm2) for injected pork loins. 
Aging time Storage time-post injection 
before injection 
1 Day 7 Days 14 Days 
1 Day 2.61a 2.26a 2.19a 
4Days 2.43a 3.31 b 3.31b 
SEM 0.15 0.15 0.23 
a-b .. Means withm the same column with different superscnpts are sigmficantly different 
(P<0.05). 
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Table 2. Effects of aging treatment on the L *, a *, b* and purge values on injected pork 
loins. 
Aging L* SEM a* SEM b* SEM Purge SEM 
time 
l Day 54.47a 0.32 18.25a 0.15 16.30a 0.14 1.05a 0.08 
4 Days 53.71 b 0.28 18.07a 0.13 15.86b 0.12 0.75b 0.08 
a-b .. Means withm the same column with different superscnpts are s1gmf1cantly different 
(P<0.05). All sampling times were pooled to determine an overall difference. 
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Figure 1. Figure 1 depicts Troponin-T degradation for paired loins from two pigs that 
demonstrated a high shear force value and paired loins from two pigs that demonstrated a 
low shear force value. Day of injection marks the day postmortem that the loins were 
injected (Day 1 or Day 4). Lanes A-Care from loins injected the first day after harvest and 
lanes D-F are from loins injected four days after harvest. Lanes A and D represent the loin 
sections that were sampled the day of injection. Lanes B and E are the loin sections that 
were sampled 7 days after injection. Lanes C and Fare the loin sections that were sampled 
14 days after injection. Degradation is shown as decreased troponin-T and increased 30 kDa 
band intensity. The WBS force values are under each sample as measured on 1, 7 and 14 
days post injection. 
Figure 2. Figure 2 depicts degradation of desmin for paired loins from two pigs that 
demonstrated the highest purge loss and for paired loins from two pigs that demonstrated the 
lowest purge loss. Day of injection post mortem indicates the day the loins was injected 
postmortem (Day 1 or Day 4 ). Lanes A-C are from loins injected the first day after harvest 
and lanes D-F are from loins injected four days after harvest. Lanes A and D represent the 
loin sections that were sampled the day of injection. Lanes Band E are the loin sections that 
were sampled 7 days after injection. Lanes C and F are the loin sections that were sampled 
14 days after injection. Degradation is shown as a decrease in the top band and an increased 
in the bottom band intensity. The percent of purge loss is under each sample as measured on 
7 and 14 days after injection. 
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THE EFFECTS OF IRRADIATION ON QUALITY OF 
INJECTED FRESH PORK LOINS 
A paper to be submitted to the Meat Science 
Kathy J. Davis, Joseph G. Sebranek, Elisabeth Huff-Lonergan, Steven M. Lonergan 
Abstract 
A comparison of irradiation effects on injected and uninjected fresh pork loin quality 
was conducted. Sixty pork loins from pigs of similar genetics were obtained from a pork 
harvesting facility. Thirty loins were injected at a 13% pump with a brine composed of 
2.17% salt/ 3.04% phosphate/ 20.8% lactate brine while thirty were not injected. Ten loins 
of each group were not irradiated while ten loins from each group were irradiated at 1.5 or 
3.0 kGy, respectively. Lipid oxidation, color, purge, volatiles, and tenderness were 
measured on the loin sections after their subsequent treatments after 0, 7, 21, and 35 days of 
refrigerated storage. Lipid oxidation was minimal for the 0 and the 1.5 kGy treated loins, 
but was significantly greater (P<0.05) at day 35 for the 3.0-kGy loins than the other two 
dosages. Wamer-Bratzler shear force measurements were significantly lower (P<0.05) for 
the injected loins, but irradiation did not have an effect. Purge was significantly lower for 
the uninjected loins irradiated at 1.5 kGy than for those irradiated at 0 and 3.0 kGy. The 
injection treatment did not alter the effects of irradiation on the quality characteristics 
measured. 
Introduction 
Safety and quality are of utmost importance to the meat industry. Treatments that 
will ensure a safe, consistent, high-quality product should be investigated thoroughly. 
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Among the popular products in the meat case today are injected or 'moisture-enhanced' 
pork. Several ingredients can be injected in a brine formulation to improve the consistency 
and quality of pork and other meat products. The ingredients most commonly included are 
salt, polyphosphates and lactate. 
Salt added to whole muscle meat products has been found to increase water holding 
by increasing myofibrillar spacing. The chloride ion increases electrostatic repulsion 
between filaments. This allows for more water to be contained in the filament lattice (Offer 
and Trinick, 1983). Phosphates work synergistically with salt and allow reduced amounts of 
salt for equivalent water-holding capacity (Offer and Trinick, 1983). Sheard et al. (1998) 
found that polyphosphates improved water-holding, tenderness, and juiciness in pork loins. 
They also found that phosphates allowed cooking to a higher temperature to ensure food 
safety while still maintaining desirable texture and flavor. 
While salt and phosphate have been shown to improve tenderness and water-holding 
capacity in meat, lactate has been included in many formulations as a bacteriostatic agent. 
Sodium lactate added at 3% lowered aerobic plate counts in comparison to controls at 42 
and 84 days in beef top rounds (Papadopoulos et al., 1991). Increasing sodium lactate in 
beef top rounds also increased cooking yields (Papadopoulos et al., 1991). Despite the 
advantages of added ingredients in injected fresh products, the injection process has 
potential to contaminate the internal portion of the meat with bacteria and this may pose a 
threat to food safety. 
Irradiation has been studied extensively for improving the safety of meat products. 
The USDA approved irradiation of fresh red meats with up to 4.5 kGy and the irradiation of 
frozen red meats with up to 7.0 kGy (USDA, 1999). Irradiation is not approved currently 
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for processed pork, but it could to be a solution for the potential problem of contamination 
from injection. Irradiation of meat is a viable way to eliminate foodbome illnesses caused 
by organisms such as Escherichia coli O157:H7, Salmonellae, Clostridium botulinum, and 
Staphylococcus aureus (Dempster, 1985). A dosage of 7 kGy of irradiation will also 
eliminate the risk of trichinae in pork (Dempster, 1985). 
Ionizing radiation induces breaks in the genetic material or DNA of microorganisms, 
rendering the organism unable to reproduce (Murano, 1995). Most spoilage and pathogenic 
bacteria, yeasts, and molds can be significantly reduced in number by irradiation at doses 
between 0.5-3 kGy (Dempster, 1985). Factors that affect the susceptibility of 
microorganisms to irradiation are the dosage and temperature. A higher dosage results in a 
lower number of survivors. The temperature affects the rate of reactions including the 
formation of radicals that affect microorganisms by interfering with cellular functions and/or 
affecting DNA. Frozen meat has less mobile free radicals making the destruction of 
microorganisms more difficult. However, the low temperature in frozen meat decreases the 
amount of off-flavors and odors produced especially at high irradiation doses (Taub et al., 
1979). 
Irradiation of pork results in the production of volatiles that are undesirable and are 
sometimes suggested to be the result of oxidation reactions. Ahn et al., (1999) found that 
these volatiles are not related to lipid oxidation but are caused independently by radiation of 
protein and lipid molecules. Ahn et al., (2000a) found that pork patties that were irradiated 
and stored in a vacuum package did not result in increased lipid oxidation. Aerobic 
packaged pork patties, however, increased in lipid oxidation over 14 days. This indicates 
that the type of packaging can affect lipid oxidation in pork during irradiation. They also 
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found that refrigerated storage of irradiated pork patties allowed for the dissipation of the 
irradiation-induced volatiles, which were not detected after one week. However, in frozen 
pork patties, the volatile odors were still detected by panelists after 3 months. 
The color of pork is also affected by irradiation. Nanke et al., (1998) found that 
irradiation induced a bright oxymyoglobin-like pigment in pork chops. The redness 
increased with increased dose levels. Lightness values were not affected but the yellowness 
was also increased with doses from O kGy to 4.5 kGy and remained constant at higher 
dosages. 
Lacroix et al., (2000) used gamma irradiation on fresh pork loins to examine its 
effects on the physiochemical, organoleptic and microbiological properties of pork. All 
dose levels and packaging treatments prevented spoilage for a minimum of 43 days. They 
found that treatments up to 6 kGy had no physiochemical or organoleptic effects (Lacroix et 
al, 2000). 
If irradiation could be used to reduce the risk of contamination in injected pork 
products, there are still questions about quality problems that could result from the 
irradiation treatment. Because phosphates function as antioxidants in processed meat 
(Mielche &Bertelsen, 1994) the hypothesis for this study was that injection of fresh pork 
would reduce quality changes caused by irradiation processing. 
Materials and Methods 
Sixty pork loins were acquired from a commercial facility and were processed 7 days 
after harvest. Thirty of the loins were injected (I) with a Townsend Model 1450 injector 
(Townsend Eng., Des Moines, IA., U.S.A.) to 13% final added weight with a brine 
composed of 3.04% sodium tripolyphosphate, 2.17% sodium chloride, and 34.7% potassium 
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lactate (60% solution). Following injection, loins were tumbled for one hour. The 
remaining thirty loins were not injected (N) or tumbled. Ten loins from each group were cut 
into four sections and vacuum packaged to serve as unirradiated controls (N, 0 and I, 0). 
The remaining forty loins were each cut into four sections and individually vacuum 
packaged. The loin sections were vacuum packaged with a Multivac Model A6800 vacuum 
packaging machine (Multivac Inc. Kansas City, MO., U.S.A.) in pouches with a 0 2 
transmission rate of 3-6 cc/m2/24 hr at l atm, 4.4°C, and 0% RH, and a water vapor 
transmission rate of 0.5-0.6 g/645 cm2/24 hr and 100% RH. Packages were stored at 0-2 °C. 
Immediately after vacuum packaging, the forty loins that were to be irradiated were 
transferred to the Iowa State University Meat Laboratory Linear Accelerator Facility (LAF). 
The facility has a CIRCE IIIR electron beam irradiator (Thomsen CSF Linac., Saint Aubin, 
France) with an energy level of 10 MeV and a power level of 10 kW. The loins were 
irradiated with two passes, once on each side. Average dose rate was 92.7 kGy/min. and the 
conveyor speed was 26m/min for the first side and 12.9m/min on the second side. A group 
of ten injected loins (I, 1.5) and ten uninjected loins (N, 1.5) were irradiated at a target dose 
of 1.5 kGy with an estimated average delivered dose of 2.21 kGy and an estimated 
maximum dose of 2.91 kGy. A second group of injected (I, 3.0) and uninjected (N, 3.0) 
loins were irradiated at a target dose of 3.0 kGy with an estimated average delivered dose of 
4.42 kGy and an estimated maximum dose of 5.84 kGy. The doses were confirmed using 
99% pure alanine dosimeters (Bruker Inst. Inc., Billerica, MA., U.S.A.) placed on cut ends 
between loin sections. The dosimeters were verified by a EMS l 04 Electron Paramagnetic 
Resonance instrument (Bruker Analytisctie Messtechnik, Karlsruhe, Germany). Samples 
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were collected for analysis immediately following irradiation. Loins were stored at 0-2°C 
for 1, 7, 21 or 35 days following the treatment. 
Purge 
Purge measurements of the loins were performed on days 7, 21, and 35 after 
processing. To get the initial weight, the vacuum-packaged loin sections and bag were 
weighed. The loin sample was then removed from the bag, the bag was drained, and an 
absorbent towel was used to remove excess moisture. The bag and sample were then 
reweighed. The purge loss was determined by the following equation. 
(Initial Weight of Loin+ Package -Final Weight of Dried Loin+ Package) 
(Initial Weight of Loin+ Package) x 100 
Shear Force 
After injection and irradiation, 2.5 cm chops were cut from each treatment packaged 
and frozen at -20 °C. Twenty-two days after freezing, the samples for Wamer-Bratzler 
shear (WBS) force 2.5 cm chops were thawed at 0-2° C, broiled to an internal temperature 
of 71 ° C and chilled 5-8 hours in a cooler set at 0-2° C. Five hours after cooking, WBS 
force was measured using a T A.XT2 Texture Analyzer (Texture Technologies Corp.). The 
tests were performed using Wamer-Bratzler Probe and Guillotine Set number TA-7B 
USDA. The probe was programmed to be lowered 30 mm after detection of resistance. The 
penetration speed was 3.3 mm/s with a post-test speed of 10 mm/s and a pre-test speed of 
2.0 mm/s. The 1 cm diameter cores were cut parallel to the muscle fiber. A second set of 
chops from all treatments was frozen at -20°C after 21 days of refrigerated storage. The 
WBS measurements for the second set of chops were performed 25 days after freezing. 
Color Measurements 
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Chops were cut 2.5 cm thick from the loin sections for color analysis, allowed to 
bloom for ten minutes at room temperature and measured on the Hunterlab Labscan 
colorimeter (Hunter Associated Laboratories Inc., Reston, VA. , U.S.A.). Illuminate A, 10° 
standard observer, and a 1.3 cm viewing port area were used to measure the Hunter CIE 
L *(lightness), a* (redness), and b* (yellowness). Three random measurements were made 
on the face of each chop. Color was measured on all sixty samples immediately after 
injection and irradiation and repeated on day 7, 21, and 35 of storage. 
Lipid Oxidation 
The day after the injection and irradiation were completed, 2-thiobarbituric acid 
(TBA) measurements (Tarladgis et al., 1960) were also performed on the sixty loin samples 
to measure lipid oxidation. The TBA measurement was also repeated at 7, 21, and 35 days 
of storage on all sixty loins. 
Volatiles 
Gas chromatography for detection of volatiles was performed on five of the samples 
from each treatment group on days 1, 7, 21, and 35, as described by Ahn et al. (1999) with 
some modifications. A purge-and-trap apparatus connected to a gas chromatography/mass 
spectrometry (GC/MS, Hewlett-Packard Co., Wilmington, DE) was used to analyze the 
volatiles that might be potentially responsible for off-odors. Precept II and Purge-and-Trap 
Concentrator 3000 (Tekmar-Dohrmann, Cincinnati, OH) were used to purge and trap 
volatiles from the loin samples. A GC unit (Model 6890, Hewlett Packard Co., Wilmington, 
DE) equipped with a mass selective detector (MSD, HP 5973, Hewlett Packard Co.) was 
used to characterize and quantify the volatiles observed. A minced meat sample (3 g) was 
transferred to a 40-mL sample vial, and the headspace was flushed with helium gas 
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(99.999% purity) for 5 s to minimize oxidative changes during holding. The sample was 
purged with helium gas ( 40 mL/min) for 15 min at 40°C. Volatiles were trapped at 20°C 
using a Tenax/charcoal/silica trap column (Tekmar-Dohrmann), thermally desorbed (225°C) 
into a cryofocusing unit (-90°C), and then thermally desorbed at 225°C into a GC column 
for 30 s. A HP-624 column (7.5 m, 0.25 mm i.d., 1.4 µm nominal), a HP-1 column (52 m, 
0.25 mm i.d., 0.25 µm nominal), and a HP-Wax column (7.5 m, 0.25 mm i.d., 0.25 µm 
nominal) combined with zero dead-volume column connectors (Hewlett Packard Co.) were 
used to improve the separation of volatiles. A multiple ramped oven temperature program 
was used. The oven was held at 0°C for 2.5 min followed by three different ramp 
temperatures: 2.5°C/min until 10°C, 5°C/min until 45°C, and a final temperature of 210°C 
at l 0°C/min. Liquid nitrogen was used to cool the oven below ambient temperature. 
Helium was the carrier gas at a constant pressure of 20.5 psi. The ionization potential of the 
mass spectrometer was 70 eV, and the scanned mass range was 18.1 - 350 m/z. 
Identification of volatiles was achieved by comparing mass spectral data of samples with 
those of the Wiley library (Hewlett-Packard Co.). Selected standards were used to verify the 
identities of some volatiles. Each peak area was integrated using the Chemstation software 
(Hewlett Packard Co.) and reported as the amount of volatiles released (total ion counts x 
104). 
The statistical analysis was performed with the Statistical Analysis System (SAS 
2000) mixed model procedure. The main effects were irradiation dosage, sample day, and 
injection treatment. Least squares means were used to determine significance at a P<0.05 
level. 
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Results and Discussion 
The overall least squares means for purge loss are reported in Table 1. Injected loins 
showed significantly less purge than uninjected loins for all irradiation treatment groups. 
Purge from injected loins was unaffected by irradiation treatment. For the uninjected loins, 
there was less purge loss in those samples irradiated at 1.5 kGy (N, 1.5). This does not 
agree with the findings of Luchsinger et al. (1997a). They determined that irradiation 
dosage did not affect purge loss. Findings by Lambert et al. (1992) showed that irradiation 
of vacuum packaged fresh pork had decreased purge after 3 days of storage compared to 
unirradiated product, but at 14 and 28 days of storage had increased purge compared to 
controls. 
The overall least squares means for the WBS force values are shown in Table 1. 
Injected samples were significantly (P<0.05) lower in WBS values than uninjected samples. 
This agrees with previous research on injection and would be expected from the injection 
treatment (Sheard et al., 1998; Offer and Trinick, 1983). There did not appear to be 
significant differences (P>0.05) between irradiation treatments, indicating that irradiation 
did not have any effect on tenderness. This coincides with the finding of Heath et al. (1990) 
and Niemand et al. (1981) who reported that irradiation does not have an effect on 
tenderness. 
The main effects of irradiation on color are shown in Table 2. There was an 
interaction over time so the sampling days were analyzed separately. The L * (lightness) 
values were not significantly different (P>0.05) between treatments on day 0, day 7 or day 
35. However, on day 21 uninjected samples treated with 3.0 kGy (N, 3.0) were lighter than 
all the injected [(I, 0), (I, 1.5), (I, 3.0)] treatments. Changes in L * was not consistent over 
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time and not specific to all treatment pairs so it does not suggest a direct conclusion for the 
L * values. Table 2 also compares the a* values between treatments. Generally at all time 
points (0, 7, 21 and 35 days), the 3.0 kGy dosage resulted in a higher a* value for both the 
injected and uninjected chops. This is in agreement with Nanke et al.(1998) and Luchsinger 
et al. (1996) who reported that irradiation increased redness in pork. The b* values found in 
Table 2 were not consistently different (P<0.05) over time. 
Lipid oxidation as determined by TBA measurements is shown in Table 3. There 
was an interaction over time so the sampling days were analyzed separately. Within 
injection treatments, the TBA values increased with irradiation dosage at all time points (1, 
7, 21, 35 days). This can be interpreted as increased lipid oxidation resulting from 
irradiation treatment. Luchsinger et al. (1997), also reported an increase in TBA values as 
irradiation dose was increased for aerobically packaged ground beef patties, but observed a 
decrease for samples in vacuum packages. 
The volatiles from the gas chromatography measurements are shown in Tables 4-8. 
There was an interaction over time so each sampling time was analyzed separately. 
Methanethiol, (methylthio) ethane, dimethyl disulfide, dimethyl trisulfide, and hexanal were 
chosen because the first three have been found to be increased by irradiation causing an 
unappetizing odor (Schweigert et al., 1954; Ahn et al. 2000, 2001). Hexanal is a volatile 
produced from lipid oxidation (Ahn et al. 2001 ), which can increase with irradiation. 
In general, the higher irradiation doses (N, 1.5; N, 3.0; I, 3.0) resulted in significantly 
greater amounts of (P<0.05) in methanethiol (Table 4) than low dose treatments (N, 0; I, 0) 
and (I, 1.5) suggesting greater production of this volatile compound as irradiation dosage is 
increased. Table 4 also depicts that for the treatments N 1.5, N 3.0, and I 3.0 the 
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methanethiol levels decline over time indicating that the volatiles dissipate. Dimethyl 
disulfide also generally declined over time in the 3.0 kGy treatments as shown in Table 5. 
Dimethyl trisulfide (Table 6) in the injected loins irradiated at 3.0 kGy (I, 3.0) generally 
increased up to 21 days and then dissipated to Oby 35 days. Among the other volatiles 
measured, (methylthio) ethane and hexanal (Table 7 and 8), were increased in the irradiated 
samples. (Methythio) ethane was present only in the irradiated samples and increased up to 
35 days. Hexanal was greater at 35 days in all samples. Hexanal is a volatile often used to 
indicate lipid oxidation (Ang and Lyon, 1990). However, hexanal does not correlate directly 
with the results of the TBA analysis and in this study, the TBA values did not change as 
dramatically as the hexanal content. 
Conclusions 
The results of this experiment indicated that injection of pork loins with a salt/ 
phosphate/lactate brine had little effect on quality changes often observed for irradiation. In 
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uninjected loins, purge seemed to be decreased at 1.5 kGy, but further investigation of 
irradiation effects on purge is required. Injection of the brine resulted in decreased WBS 
force values indicating tenderness improvement but irradiation did not appear to have an 
influence. Lipid oxidation, as measured by TBA values, increased with irradiation dosage, 
but the change in TBA value with irradiation did not seem to be affected by injection 
treatment. Likewise, color changes were observed with irradiation treatment but injection 
did not appear to have an influence on irradiation induced color changes. Injection did not 
appear to have a significant impact on the volatiles produced in irradiated pork. 
Thus, injection of fresh pork with a salt/phosphate/lacate brine did not have an 
impact on irradiation-induced quality characteristics of pork loins. Similar changes in color, 
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purge, shear force and lipid oxidation occurred in both uninjected and injected loins at all 
dosages (0, 1.5, 3.0 kGy) studied. The results of this study indicate that from a quality 
standpoint irradiation of injected pork could be used as a possible microbial hurdle. 
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Table l. Effects of brine injection and irradiation from purge loss and WBS on injected and 
non-injected fresh pork loins. 
Treatment Percent loss as purge Force (kg/cmL) 
N, 0 kGy 3.26a 2.91a 
I, 0 kGy 0.61b 1.92b 
N,l.5kGy 2.19c 3.02a 
I, 1.5 kGy 0.73b 1.77b 
N, 3.0 kGy 3.74a 2.74a 
I, 3.0 kGy 0.59b 1.83b 
SEM 0.36 0.16 
Means within the same column with different superscripts a-c are significantly different 
(P<0.05). N = uninjected product. I = injected product. 0, 1.5 and 3.0 kGy denote the 
dosage of irradiation the product received. All sampling time points were pooled to detect 
an overall treatment effect. 
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Table 2. The effects of irradiation on L *, a*, b* values of injected and non-injected fresh 
pork loins. 
Treatment Storage time (days) 
Color value Day0 Day7 Day 21 Day 35 
N, 0 kGy 
57.64abc L* 54.64a 56.19a 59.59a 
a* 5.72d 4.18d 3.38de 4.23def 
b* 16.98w 16.73w 16.lOW 18.30w 
I, 0 kGy 
54.71 ab L* 57.23a 53.53a 55.62a 
a* 4.26df 3.08d 2.74de 2.84df 
b* 16.58wy 15.81 w 15.67xy 16.56xz 
N, 1.5 kGy 
L* 56.12a 56.25a 58.20ac 59.88a 
a* 3.97ef 5.28de 4.23ef 4.50def 
b* 15.11x 16.80w 15.78xy 18.06wz 
I, 1.5 kGy 
L* 54.94a 54.59a 54.40a 57.39a 
a* 4.12df 4.28d 3.98ef 3.41 df 
b* 15.41xy 15.48w 15.28xy 16.04xy 
N, 3.0 kGy 
L* 55.93a 56.78a 59.39c 60.37a 
a* 5.77d 6.28e 5.43f 5.48e 
b* 15.46xy 16.63w 16.29y l 7.78wz 
I, 3.0 kGy 
L* 56.20a 53.55a 54.82a 55.lOa 
a* 5.50d 6.13e 5.5i 5.34ef 
b* 15.98wy 15.84w 14.75x 16.67wyz 
SEML* 1.58 1.54 1.39 1.88 
SEMa* 0.59 0.42 0.59 0.69 
SEMb* 0.50 0.51 0.44 0.56 
Means within the same column for L * with different superscripts a-c are significantly 
different (P<0.05). Means within the same column for a* with different superscriptsd-f are 
significantly different. Means.within the same column for b* with different superscriptsw-z 
are significantly different. N = uninjected product. I = injected product. 0, 1.5 and 3.0 kGy 
denote the dosage of irradiation the product received. 
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Table 3. Effects of irradiation on TBA values (mg malonaldehyde/ kg meat) for injected and 
uninjected fresh pork loins. 
Treatment Storage time (days) 
1 Day 7 Days 21 Days 35 Days 
N, 0 kGy 0.081 ab 0.103ab 0.095abc 0.0863 
I, 0 kGy 0.067 3 0.083 3 0.072b 0.075 3 
N,l.5kGy 0.113bd 0.133bd 0.118ce 0.1023 
I, 1.5 kGy 0.075ac 0.102abc O.l ll abcf 0.0963 
N, 3.0 kGy 0.132d 0.142d 0.121 acg 0.188b 
I, 3.0 kGy 0.101 bed 0.124bcd 0.149defg 0.240b 
SEM 0.011 0.013 0.0154 0.0193 
Means within the same column with different superscriptsa-g are significantly different 
(P<0.05). N = non-injected product. I= injected product. 0, 1.5 and 3.0 kGy denote the 
dosage of irradiation the product received. 
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Table 4. Effects of irradiation on methanethiol (ion count x 1000) production for injected 
and uninjected fresh pork loins. 
Treatment Storage time (days) 
Day0 Day7 Day 21 Day 35 
N, 0 kGy oa oa oa oa 
I, 0 kGy oa oa oa oa 
N, 1.5 kGy 2908.Sbcd 358.0a 1139.8a 1195.4a 
I, 1.5 kGy l 5 l.4ac oa 123.6a 558.6a 
N, 3.0 kGy 7575.0e 7302.2b 4738b 2777.8a 
I, 3.0 kGy 5206.8de 4131.6 b 3759.6b 1897.0a 
SEM 910.9 440.1 746.2 1053.l 
Means within the same column with superscriptsa-e are significantly different (P<0.05). N = 
uninjected product. I = injected product. 0, 1.5 and 3.0 kGy denote the dosage of irradiation 
the product received. 
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Table 5. Effects of irradiation on dimethyl disulfide (ion count x 1000) production for 
injected and uninjected fresh pork loins. 
Treatment Storage time (days) 
Day0 Day7 Day 21 Day 35 
N, 0 kGy 73.2a 50.6a 132.2a oa 
I, 0 kGy 32.4a 56.8a 53.8a 2.27E-13 a 
N, 1.5 kGy 3158bcd 460.Sa 2194.2ac 2861 a 
I, 1.5 kGy 1415.2ac 284.6a 460.2a 655.0a 
N, 3.0 kGy 6583.6b 5197b 4810.2b 2010.4 a 
I, 3.0 kGy 5270.6bd 5597b 4499.4bc 1257.4 a 
SEM 783.l 614.7 755.7 932.7 
Means within the same column with superscriptsa-e are significantly different (P<0.05). N is 
the non-injected product. I is the injected product. 0, 1.5 and 3.0 kGy denote the dosage of 
irradiation the product received. 
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Table 6. The effects of irradiation on dimethyl trisulfide (ion count x 1000) production for 
injected and uninjected fresh pork loins. 
Treatment Storage time (days) 
Day0 Day7 Day 21 Day 35 
N,0kGy oa oa oa oa 
I, 0 kGy oac oa 227E-15a oa 
N, 1.5 kGy 630.2bcd oa 443.6a oa 
I, 1.5 kGy 335ad oa 24a oa 
N, 3.0 kGy 1790.6e 735.2b 1580.2b oa 
I, 3.0 kGy 1138.2b 1343.2b 1492.6b oa 
SEM 199.4 198.8 262.9 0 
a-ct .. Means withm the same column with superscnpts are sigrnficantly different (P<0.05). N 1s 
the non-injected product. I is the injected product. 0, 1.5 and 3.0 kGy denote the dosage of 
irradiation the product received. 
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Table 7. The effects of irradiation on (methythio) ethane (ion count x 1000) production for 
injected and uninjected fresh pork loins . 
Treatment Storage time (days) 
Day0 Day7 Day 21 Day 35 
N, 0 kGy oa oa oa oa 
I, 0 kGy oac oa oa oa 
N, 1.5 kGy 98.2bc 86.6b 128.4b 164.0bc 
I, 1.5 kGy 65.0a 58.4a 62.6a 101.2b 
N, 3.0 kGy 128.0b 155.2b 155.2b 222.0c 
I, 3.0 kGy 122.0b 138.8b 157.8b 205.8c 
SEM 29.8 24.2 21.2 28.9 
Means within the same column with superscriptsa-c are significantly different (P<0.05). N is 
the non-injected product. I is the injected product. 0, 1.5 and 3.0 kGy denote the dosage of 
irradiation the product received. 
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Table 8. The effects of irradiation on hexanal (ion count x 1000) production for injected and 
uninjected fresh pork loins. 
Treatment Storage time (days) 
Day0 Day7 Day 21 Day35 
N, 0 kGy oa 86.43 596.83 120.2a 
I, 0 kGy oa oa 5.34E-15a 1183 
N, 1.5 kGy oa 863 5.34E-15a 153.2a 
I, 1.5 kGy oa oa 5.34E-l53 127.63 
N, 3.0 kGy oa oa 5.34E-l53 179.83 
I, 3.0 kGy oa 65.23 5.68E-17a 227.83 
SEM 0 31.3 270.7 41.0 
Means within the same column with superscriptsa-c are significantly different (P<0.05). N is 
the non-injected product. I is the injected product. 0, 1.5 and 3.0 kGy denote the dosage of 
irradiation the product received. 
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CHAPTER 5. GENERAL CONCLUSIONS 
The results of this study indicate that meat processors may inject moisture-enhanced 
or injected fresh pork at a time that is conducive to that plant's schedule without altering the 
proteolytic effects of aging prior to injection. Whether a processor has an on-site harvest 
facility or receives pork from another harvest facility, injection time post-mortem does not 
have a major impact on the tenderness or the color of pork loin muscle. In this study, there 
was a significant decrease in purge loss observed in loins injected four days postmortem 
compared with loins injected one day postmortem, but this could have been due to more 
purge being lost prior to injection or injection one day postmortem inhibits proteolysis 
increasing purge loss. Loins injected one day post-mortem had a lower shear force value 
over time than the loins injected four days post-mortem. This contradicts our hypothesis 
that an increase in post-harvest aging time before injection would result in a product that had 
a lower shear force. These results, in conjunction with our western blot samples, 
demonstrated that an increase in post-harvest aging time did not result in a decrease in shear 
force of the pork loin muscle. The results suggest that injection did not affect protein 
degradation in either aging treatment and that animal differences in protein degradation 
remain important regardless of injection treatment. L * and b* were greater for loins injected 
one day after harvest. This means that these loins were lighter and more yellow, but these 
data do not suggest a major color change. 
Injection of pork loins did not impact the quality changes incurred by irradiation. 
TBA values increased with increased irradiation dosages, but injection did not lower those 
values. Purge was decreased for uninjected product irradiated at 1.5 kGy and Wamer-
Bratzler shear forces were lower for the injected product as reported by previous 
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researchers. Irradiation did not have an impact on shear forces, but induced a pink color or 
higher a * value at the 3.0 kGy level. Injection did not affect color in this study. Further, 
injection did not appear to reduce the production of irradiation-induced volatiles. While 
irradiation could be used to reduce the risk of food pathogens in injected pork, the injection 
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